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(57) Abstract 

Setup to be used in a home theatre or other sound reproduction system for handling the low frequency sound signals with a signal 
source providing several full bandwidth digital sound channels (L, R. LS, RS, C) and possibly one or several digital low frequency subwoofer 
channels (S). The setup consists of delay and level control unit (1...5) at least for each full bandwidth signal channel, which is equipped 
with ii speaker not capable of reproducing low frequency sounds, a first summing stage (6) for creating the sum channel (SC) by summing 
the delay and level controlled signal channels, a second summing stage (8) for adding the subwoofer signal to the lowpass-filtered sum 
channel in order to create a digital bass channel and (DB), a DA-conversion-, amplification-. lowpass-filtering- and volume control unit (9) 
for preforming these functions to the digital bass channel in order to create an analog bass channel AB. Alternatively lowpass-filtering may 
be done with a digital filter (7) in which case the analog lowpass-filtering may be omitted. 
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Setup in home theatre or other sound reproduction equipment 

5 The innovation is a setup in home theatre or other sound reproduc- 

tion equipment to be used for handling low frequency audio signals with an 
audio signal source producing several digital full bandwidth audio channels 
and possibly in addition to these one or several digital low frequency sub- 
woofer channels. 

10 As laserdisc players and hifi-VCR's have grown popular, also the 

so called home theatre setups have become widespread, especially in USA, 
Such a setup typically includes a large screen television, laserdisc player 
and/or VCR and a sound reproduction system consisting of surround sound 
decoder, multi-channel audio amplifier and speakers . In addition to the usual 

15 two main front speakers there is a centre speaker between them, one or two 
surround speakers situated behind or on sides of the listeners and possibly 
also a separate subwoofer speaker for reproduction of low bass signals. 

A simplified block diagram of a home theatre setup is presented in 
figure 1. For the sake of clarity, user and control interfaces, volume control 

20 (placed either in digital domain in conjunction with DA-converters or after the 
bass management) and power amplifiers have been left out of the figure. The 
setup in figure 1 consists of input stage 100, into which both several analog 
inputs 101, 102, 103 and several digital inputs 104, 105, 106 may be con- 
nected. In each case the input signal is selected with signal source selectors 

25 107 and 108, respectively for analog and digital input sources. After this the 
analog input signal is AD-converted with AD-converter 109 and digital input 
signal is handled with digital audio receiver 110. From these two digital signals 
one is selected with source selector 111, followed by the processor unit 112 
which will perform the desired processing to the digital audio signal. This 

30 processing may include such steps as Dolby Digital (previously Dolby AC-3) 
decoding, Dolby Pro Logic decoding, THX post processing, room simulations, 
tone controls etc. After these processing steps these typically six digital audio 
signals are DA-converted. The number of channels varies between different 
systems; for instance there may be from 1 up to 4 or 6 surround channels and 

35 also there may be more than one center channels. After the DA-conversion 
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there has to be the so called bass management in block 114, to avoid feeding 
strong bass signals to speakers unable to handle them. As a result, output 
signals for left front speaker, center speaker, right front speaker, left surround 
speaker, right surround speaker and subwoofer are generated. These outputs 
5 are labelled 1 15 -120 in figure 1. 

Let us note, that in this context the word speaker refers to a typi- 
cally enclosed entity consisting of one or several speaker elements. "Large 
speaker" refers to a speaker capable of reproducing at least most of the audio 
bandwidth, ie. both low bass signals and high treble sounds. "Small speaker" 
10 refers to a speaker which is only able to reproduce high frequencies and no 
low bass signals. 

There is also low bass material in movie soundtracks. In many 
cases it is not practical to have six large speakers in a home theatre setup. An 
example of a more practical solution is to have large front main speakers 

15 whereas the other speakers are small. Small speakers can not reproduce low 
frequency signals; high level low frequency signals may even damage these 
speakers. One of the functions of a home theatre device is therefore to extract 
low bass signals from the small speaker output signals and to redirect them to 
large speakers capable of reproducing them. This function is called bass 

20 management (block 114 in figure 1). 

In most home theatre devices bass management is realized with 
analog filters and switches. This approach is very straight forward to build and 
is directly compatible with eg. the Dolby configuration definitions. Disadvan- 
tages of this approach are the limited flexibility resulting from fixed switches 

25 and unclarity from the user's point of view. Therefore most home theatre de- 
vices can only perform configurations 1 and 2 of the Dolby license definitions, 
some of them configuration 3 as well. The user can not choose freely from all 
possible combinations of large and small speakers and also the user has to 
know and understand the meaning of Dolby configurations 1, 2 and 3 (Dolby 

30 AC-3 licensee information manual, version 1.0, figures 9.B, 9.7 and 9.8; all 
blocks are analog). 

The limitations of analog bass management are easy to overcome 
by carrying out the necessary filtering and summing in digital domain. In this 
case the user interface for defining the speaker configuration is intuitively: 

35 "Front Main: large/small, Center: large/small/none, Surrounds: 
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large/small/none, Subwoofer: yes/no". Now at its best the bass management 
for one channel may be performed as described in figure 2. This entity de- 
scribed in figure 2 is unlikely to have been presented before and is placed for 
each channel in the processing unit 112 in figure 1. The result is that the proc- 
5 essing unit is only followed by a six-channel DA-converter 113 while bass 
management unit 114 is left out as obsolete. 

In figure 2 the incoming digital signals for left front speaker, center 
speaker, right front speaker, left surround speaker, right surround speaker and 
subwoofer speaker have been marked 201-206. These signals are fed to 

10 complementary filters 207-21 1 , which divide the incoming signals to "high" and 
"low" output signals, some of which equals the incoming signal except for 
slight processing delay. These ten output signals as well as the subwoofer 
output signal are driven through adjustable amplifying stages 212-222 to 
summing stage 223 to generate output signal 224 for one speaker. With 

15 summing stages 212-222 the output signal for each speaker may be flexibly 
set as combination of full bandwidth input signals. 

Controlled by speaker configuration switches a large signal gets 
both "high" and "low" outputs. A small speaker only gets "high" output signals, 
which lack the low bass sounds. These will be directed to large speakers. Also 
20 leaving a speaker completely off the design is possible. In this case the signal 
of eg. missing center speaker may be divided between the two main front 
speakers. Also when bass sounds are divided to several speakers for repro- 
duction (eg. configuration with several large speakers but no subwoofer) the 
correct level for bass sounds can be set. 

25 The benefits of this approach also include perfect control of proc- 

essing delays and thus the signal delays experienced by the listener, and the 
fact that the sound field may be controlled by peculiar ways eg. by shifting it 
90 or 180 degrees. 

In practice some summing coefficients are always zero eg. right 
30 channel signals are never redirected to left channel, and subwoofer never gets 
any high sounds. To save processing power the system described in figure 2 
needs not to be implemented completely. It may also be carried out with ap- 
propriate combinations of ordinary non-complementary filters in which the sig- 
nal is suitably fed, even if the processing block diagram would be substantially 
35 different from the one described above. 
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Even though digital bass management has many benefits it also 
has its drawbacks especially when using Dolby AC-3 system (also known as 
Dolby Digital). This system includes a separate subwoofer channel which by 
definition is to be reproduced ten desibels (10dB = 3.16) louder than the other 
5 channels. Since the dynamic range of DA-converters is limited the sound 
quality may then deteriorate. Let us . assume for example a speaker configura- 
tion with large main front speakers, small other speakers and no subwoofer 
speaker in a situation in which the incoming signal has full amplitude bass 
sound in every channel. If reference level for full amplitude signal is said to be 

10 1 then the summed bass signal level of surround speakers is 2, center chan- 
nel bass signal level is 1 and subwoofer channel signal level is 3.16, and the 
summed redirected bass signal level is thus 3.16 + 2+1 =6.16. When this is 
divided equally to left and right main front speakers the signal level of these 
channels becomes 1 +(6. 16/2) = 4.08 = +12.2 dB. In order to avoid overdriving 

15 the DA-converters under any circumstances the signal level has to be reduced 
12.2 desibels before DA-converters. The worst case is a speaker configuration 
with no subwoofer and in which only the center channel is large resulting in a 
need to reduce the signal level by 18.2 dB. This leads to deterioration of 
sound quality. 

20 The 18 or 20 bit DA-converters currently widely in use have dy- 

namic range of about 85-95 dB. When signal level is dropped before DA- 
converters their limited dynamic range is not fully exploited (12-18 dB equals 
2-3 bits). 

It is also inconvenient for the user if the output signal level varies 
25 substantially between different speaker configurations. For instance deter- 
mining correct amplifying power and sensitivity is almost impossible. 

The purpose of the present invention is to present a bass manage- 
ment setup which combines the benefits of both setups described earlier. 
This is achieved by a setup according to the present invention the first em- 
30 bodiment of which is characterized by comprising 

a delay and level control unit for at least every full bandwidth signal 
channel equipped with a speaker unable to reproduce low pitch sounds; 

a first summing stage for summing the delay and level controlled 
signal channels to create a sum channel; 
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a second summing stage for summing the low frequency subwoofer 
channel into the sum channel to create a digital bass channel and 

a DA-converter-, amplifying- low-pass filtering- and volume control 
unit to perform these functions to the digital bass channel in order to create an 
5 analog bass channel. 

The second embodiment of the invention is characterized by com- 
prising 

a delay and level control unit for at least every full bandwidth signal 
channel equipped with a speaker unable to reproduce low pitch sounds; 

10 a first summing stage for summing the delay and level controlled 

signal channels to create a sum channel 

a low pass filter for the sum channel 

a second summing stage to sum the low frequency subwoofer 
channel to the low frequency filtered sum channel to create a digital bass 
15 channel and 

a DA-converter-, amplifying- and volume control unit to perform 
these functions to the digital bass channel in order to create an analog bass 
channel. 

Best features of the previously described bass management meth- 
20 ods may be combined with a setup in which all necessary filters and delays 
are done digitally but signal summing at least mostly in analog domain. By 
doing this the flexibility of a digital system is maintained and the dynamic 
range of DA-converters can be fully exploited. 

Economically the setup complying with this innovation also includes 
25 either switching and summing stages or adjustable volume control and sum- 
ming stages to combine the analog bass channel to the analog signals going 
to speakers which are able to reproduce full badwidth sound signals. 

In the following this innovation is presented in more detail with ref- 
erence to the accompanying drawing in which 

30 Figure 1 shows a simplified block diagram of a traditional home 

theatre setup, 
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Figure 2 shows the block diagram of digital bass management in 
principal, and 

Figure 3 shows the setup according to the invention for bass man- 
agement in home theatre setup as a block diagram. 

5 Figure 3 describes the setup according to the invention for bass 

management in home theatre setup as a block diagram. Also the interfacing of 
the bass channel to one other channel is presented, in this case the left front 
channel. The signal redirection has been left out from this figure to maintain 
clarity. 

10 Inputs for this setup are the digital sound signals divided in the fol- 

lowing six channels: left front channel L, right front channel R, left surround 
channel LS, right surround channel RS, center channel C and subwoofer 
channel S. These signal inputs may be generated for example in block 112 in 
figure 1 and they comply with the signals in use for example in Dolby Digital 

15 (Dolby AC-3) system. In figure 3 the left front channel L has been presented 
completely. It consists of a high-pass filter 14 through which the signal goes if 
the front speakers are small, before the signal is fed to switch 15. Equal 
building blocks (not presented) also exist for right and center channels as well 
as both surround channels. If any spesific speaker is small, the low bass fre- 

20 quencies are taken away from its signal by high-pass filtering. If however a 
speaker is large the signal is neither high-pass filtered nor summed to the 
bass channel to be described in more detail later, but instead the high-pass- 
filter 14 is bypassed and the signal fed directly to switch 15 directing the signal 
to summing stage 13 through DA-converter and volume control unit 16. In 

25 summing stage 13 the bass channel is summed to this signal in order to cre- 
ate the signal directed to this specific large speaker. 

In order to create the bass management in a setup according to the 
invention a bass channel is created from the signals of those channels in 
which the speakers are small and the subwoofer channel S. In the setup pre- 

30 sented in figure 1 any of the channels L, R, LS, RS and C can be withdrawn to 
the bass channel. In this setup the level balance between the signals and de- 
lays is first adjusted in a delay-and level control unit 1...5 respectively. After 
this the signals are summed in a summing stage 6 to create the sum channel 
SC. Also in this setup the signals from large speakers are not added in the 

35 sum channel by setting their amplification to zero in the delay-and level control 
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unit. Subwoofer channel S signal is then added to the summed and possibly 
low pass-filtered (7) signal creating the digital bass channel signal DB. This 
signal is processed in DA-con verier-, amplification-, low pass-filtering- and 
volume control unit 9 to create analog bass channel AB. This signal is directed 
5 primarily to subwoofer channel 19 if there is a subwoofer in the system. If 
there is no subwoofer the signal is directed to large speakers. One low pass- 
filter is enough for the bass channel signal and it can be done either digitally in 
unit 7 or in analog domain in unit 9, ie. either before DA-conversion or after it. 

When analog bass channel is directed to large speakers in stead of 
10 the missing subwoofer speakers, switches 10, 11 and 12 of figure 3 are used 
to direct the bass channel for summing in left and right front channel 17 and 
18, surround channel 20 or center channel 21 depending on which speakers 
of these are large. Summing is done in summing stages of which only the left 
front channel summing stage 13 is presented. It is possible for left and right 
15 front channel as well as left and right surround channel speakers to be differ- 
ent from each other, ie. one small and one large, but this deteriorates the 
sound quality. In this case, however, the number of switches 10 and 1 1 has to 
be doubled, one for each front speaker and one for each surround speaker, 
respectively. 

20 Let us note that the analog switches 10, 1 1 and 12 can be replaced 

by a volume control. In this case no attenuation/level control is needed in 
digital summing stage since the bass channel level control is done in this vol- 
ume control. Also, in this case the dynamic range of the bass channel DA- 
converter is always fully exploited. 

25 The benefits of the setup complying with this innovation are: 

• Only a minor amount of processing power is required, maximum 5 high 
pass-filters and 1 low pass-filter. And the lowpass-filter can be performed 
in analog domain if required. 

• There is allways full amplitude signal in DA-converters except in the bass 
30 channel taking advantage of all available dynamic range. Even if the bass 

signal of some individual channels in some cases has to be attenuated the 
sound quality is not deteriorated because the noise spectrum of the noise 
generated in a DA-comverter is spread to the whole audio band. Since in 
any case only the low frequencies are required from the signal in the bass 
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channel DA-converter most of the signal spectrum and therefore also most 
of the noise may be lowpass-filtered after DA-conversion. 

• The flexibility of digital setup is maintained. 

The method for handling different channel signals in a setup com- 
5 plying with this invention may be summarized in the following bass manage- 
ment philosophy. 

1 : If a speaker is large nothing is done to the signal. 

2: If a speaker is small the signal is high-pass-filtered and'simulta- 
neously summed to the subwoofer signal with amplitude depending on 
10 speaker configuration to create a bass channel. Bass channel is lowpass- 
filtered. If there is a subwoofer speaker in the system the bass channel is di- 
rected to it. If there is no subwoofer speaker the bass channel is summed to 
the signals directed to large speakers. 

The setup complying with this innovation is above described with 
15 only one explanatory example and it is therefore understandable that it may 
be altered in various ways based on the bass management philosophy with- 
out, however, differeing from the scope of the protection defined in the at- 
tached patent claims. 

20 



25 



30 
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Patent claims 

1 . Setup to be used in a home theatre or other sound reproduction 
system for handling the low frequency sound signals with a signal source pro- 
viding several full bandwidth digital sound channels (L, R, LS, RS, C) and 

5 possibly one or several digital low frequency subwoofer channels 
(S), ch aracterizedin that the setup comprises: 

a delay-and level control unit (1...5) at least for each full bandwidth 
signal channel, which is equipped with a speaker not capable of reproducing 
low frequency sounds, 

10 a first summing stage (6) for creating the sum channel (SC) by 

summing the delay-and level controlled signal channels, 

a second summing stage (8) to add the low frequency subwoofer 
channel (S) to the sum channel in order to create a digital bass channel (DB), 
and 

15 a DA-conversion~, amplifying-, lowpass-filtering-and volume control 

unit (9) to perform these functions to the digital bass channel in order to create 
a analog bass channel (AB). 

2. Setup to be used in a home theatre or other sound reproduction 
system for handling the low frequency sound signals with a signal source pro- 

20 viding several full bandwidth digital sound channels (L, R, LS, RS, C) and 
possibly one or several digital low frequency subwoofer channels (S) t 
characterized in that it comprises 

a delay-and level control unit (1...5) at least for each full bandwidth 
signal channel, which is equipped with a speaker not capable of reproducing 
25 low frequency sounds, 

a first summing stage (6) for creating the sum channel (SC) by 
summing the delay-and level controlled signal channels, 

a lowpass-ftlter (7) for the sum channel, 

a second summing stage (8) for adding the subwoofer signal to the 
30 lowpass-filtered sum channel in order to create a digital bass channel and 

a DA-conversion-, amplifying- and volume control unit for perform- 
ing these functions to the digital bass channel in order to create a analog bass 
channel. 
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3. A setup according to claim 1 or 2 t characterized that it 
further comprises switch means (10, 11, 12) and summing means (13) for 
combining the analog bass channel (AB) to the analog signals directed to 
speakers capable of reproducing full bandwidth sound signals. 

5 4. A setup according to claim 1 or 2, characterized in that it 

further comprises adjustable volume control means and summing means (13) 
for combining the analog bass channel (AB) to the analog signals directed to 
speakers capable of reproducing full bandwidth sound signals. 
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